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Abstract 
This research report documents the performance , evaluates 
the cost effectiveness , and investigates the system designer ' s  
pref erred method of plating-out of metal contaminants from the 
mixed spen� regenerant for an ion exchange system installed at a 
plating job shop in the Chicago area . On-site measurements ,  
laboratory model ing of  certain processes , and an overal l  
evaluation of  the effectiveness of the system a s  a waste 
treatment and minimization process were performed . The installed 
ion exchange system was well within the recommended criteria. 
The system was not functioning as designed because of exhausted 
res ins caused by negl igence and l ack of maintenance . S avings in 
water use and waste disposal would justify the system , i f  the 
system was functioning, economically over a conventi onal 
treatment system . Plating-out of metal contaminants from the 
mixed regenerant , although possible under very controlled 
conditions ,  was found to be unsuitable for rendering the mixed 
regenerant nonhazardous under field conditions . 
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Executive summary 
Ion exchange systems when used as a pretreatment process for 
wastewater in the electroplating industry have several advantages 
over· conventional chemical destruct systems . These include 
substantial reduction in water use , improved rinse-water qual ity , 
the potential for inhouse recovery of plating solutions and 
metal, ana eliminati on or substantial reduction in the amount o f  
hazardous s ludge generated. Despite these advantages , however ,  
ion exchange systems have not found wide-spread use in 
electroplating job-shops . The main reasons cited are constantly 
changing plating conditions, improper system design and 
instal l ation and a general lack of attention to system management 
and maintenance . 
· 
Atl as Pl at ing Company , a Chi cago-based job-shop which , for 
more than seven years , used an ion exchange system des igned and 
installed by Amerdec Inc. of Waukegan , IL was chosen for this 
study . The project had two major· objectives . The first was to 
document the performance and cost-effectiveness of the i on 
exchange system Amerdec des igned and install ed for Atl a s  Plating . 
The second was to investigate a method p roposed by Amerdec of  
plat ing out metal contaminants from spent regenerant obtained 
from the regeneration of exhausted res in columns .  
Methodology 
The methodology for achieving both objectives included 
measurements of flows, laboratory analyses of samples , laboratory 
model ing o f  certain processe s , and overall evaluati on of the 
sy�tem for cost-effective waste treatment and minimization . 
Ion Exchange system Eva luation 
The ion exchange system , although insta l l ed wel l  within the 
recommended design criteria , was operating ineffectively because 
of exhausted and fouled res ins . Cation res ins had some 
contamination but could be cl eaned , regenerated , and used . The 
anion resins on the chromium rinse tanks were fouled and oxidized 
and probably would have needed to be repl aced . 
Lack o f  basic ma intenance was the primary cause of the 
fouled res ins . Miss ing act ivated carbon filters , part i a l ly 
functioning or miss ing spray no z z l es on rinse tanks , and missing 
or inoperable pH-adjust systems a l l  contributed to the fouling of 
resins . Amerdec had not insta l l ed any al arms or warning l ights 
to indi cate that res ins had been exhausted . Operators frequently 
used fresh-water hoses to improve rinsing of parts . 
ix 
Pl ating Out Experiment 
Plating out of metals from the spent regenerant under 
average job-shop conditions, i.e. ,. using stainless steel 
electrodes , uncontrolled pH etc . , resulted in complete anode 
dissolution and was abandoned . 
It was possible to plate out enough metal contaminants from 
the spent-regenerant using a graphite anode and stainless steel 
cathode under controlled pH ranges and controlled current 
densities so that regenerant could be rendered nonhazardous when 
passed through an appropriately sized cation resin column to 
remove the residual metals. However , it was concluded that this 
would be· .. impractical to implement under ordinary shop conditions. 
Although the plated-out material had high metallic content, its 
sludge-like consistency probably would have required off-site 
disposal in a hazardous waste landfill. 
Conclusions 
The installed ion exchange system was found to be more 
economical over an equivalent-capacity chemical precipitation 
! I' 
system . The existing system could be made sludgeless. However, i 
savings in sludge disposal would be off-set by increased capital .f 
c·osts , which would increase the annual operating costs by about 
five percent . 
For an ion exchange pretreatment system such as the one 
installed by Amerdec to work successfully in job-shop situations, 
standard shop maintenance practices must be observed. These 
include regular inspection of filters and resin columns, and 
monitoring the conductivity of rinse waters. Personnel should be 
trained to operate the ion exchange system and troubleshoot it 
when necessary . 
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CHAPTER I 
INTRODUCTION 
I on exchange is a separation process based on the principies 
of adsorption. Commercial ly available units usually consist of 
cyl indrical columns filled with beads of polymeric resins that 
either have an affinity for cations such as cu++ , Ni++ , and zn++ , 
·or anions _such as so4 --, Cl
- , and Hco3-. 
I on exchange systems are available for various appl ications , 
the most popular of which is water softening. In the plating 
industry , ion exchange systems may be used to deioniz e  rinse 
waters, to control end-of-pipe pollution , to recover plating 
chemicals ; or as an effluent polisher following a conventional 
treatment system . 
Ion exchange systems have the advantage of a very high 
hydraulic processing capacity per dollar invested . They have low 
maintenance costs and result in less sludge than other systems 
and are also capable of better effluent quality . 
A. HISTORY OF APPLICATION 
Ion exchange systems have been used succesfully for some 
time in larger, captive electroplating facilities and in printed 
circuit board shops becaus e  of the method' s numerous benefits , 
which include: 
. a .  
b .  
c. 
d. 
elimination of chemical precipitation pretreatment 
systems that produce large volumes of hazardous solid 
waste requiring landfil l  disposal at a time when it is 
becoming more restricted and expensive; 
substantial reduction in water use ; 
improved rinse water quality because of deionization ; 
low material and labor costs for regeneration of 
resins ; 
e. the potential for in-house recovery of plating 
solutions and metals ;  and 
f. almost zero-discharge systems . 
However , ion exchange pretreatment has not been widely 
adopted by job-shop platers . Several reasons are cited . Within 
the industry, which includes about 200 bus inesses in Chicago and 
another 110-150 in surrounding suburbs , improper insta l l ation of 
equipment is  often mentioned . The equipment is either not the 
right s i z e  or flow rates do not match the equipment ' s  capacity . 
Spent regenerant , produced upon regeneration o f  ion exchange 
columns , although small in quantity , conta ins heavy metal s  and 
has to be disposed of as haz ardous waste . To date , economic and 
regulatory incentives to recover metals  have been lacking . Too 
o ften in small  shops there is a general lack of attenti on to the 
management and maintenance of the waste treatment system . This 
leads to foul ing of  resins , one o f  the major causes o f  failure in 
ion exchange systems . Until recently , ion exchange was also 
unpopular because o f  a lack of good quality res ins . Res in 
manufacturers have primarily catered to the water softening 
industry and have not made appl ication guidelines readily 
available to the plating industry . Although people in the 
industry may understand the basic principles of ion exchange , few 
understand the detai l s  and intricacies of application . 
B� RESEARCH S ITE CHOSEN 
Atlas Plating Works , establ ished in 1920, was among the 
pioneers in the electroplating of chrome on plastics when it 
began us ing the process about 20 years ago. It also retained a 
limited capacity for tin and chrome plating on metals . 
The company has a two-stage process for plastics: a 
preparation phase and a plating phase . The electroless nickel 
preparation phase is shown schematically in Figure 1. In this 
phase , which is needed because plastic will not conduct 
electricity, each part is etched, rinsed,  sensitized , and treated 
with a chemical act ivator to receive a layer o f  electroless 
nickel . The cycle timing control s  are attached to an indexing 
over-the-bath conveyor system that moves the racks from one bath 
to another . After receiving the conductive layer of electroless 
nickel , parts are inspected and racked for plating. 
The electroplating l ine is  basically the conventional type 
used for plating metal parts. It operates on a total cycle time 
of 32 minutes , going from copper through nickel to chrome (Figure 
2). After the chrome bath, the parts are rinsed in a cold rinse 
tank followed by a hot rins e . Upon removal from the hot rinse , 
parts are dried �ither in a centrifuge or in hot sawdust , 
visually inspected, and shipped . 
Atlas Plating Works has used an ion exchange system for the 
l ast seven or eight years . It does not , according to the designer 
and installer of the system , suffer from the common pitfalls that 
have prevented most job shops from trying ion exchange. The 
system at Atlas was installed by Amerdec Inc. At first , Amerdec 
picked up loaded columns from Atlas and replaced them with fresh 
ones . Amerdec then performed column regeneration at its own 
facilities . 
However , Amerdec no.longer does regeneration for its clients 
because too often the columns that they received were fouled. 
The des igner instructed Atlas to regenerate its two final cation 
columns itsel f .  Although this was done , these columns are not 
the only ones that Atlas uses in its ionization proces s . It also 
uses on-line sets of columns that cons ist o f  a cation and an 
anion column • .  These sets are used for deioniz ing rinse waters 
and were not regenerated . 
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C .  PROJECT OBJECTIVES AND METHODOLOGY 
Although it appeared that Atlas was using ion exchange 
successfully to pretreat wastes , the system and its uses need to 
be documented before consultants and regulators can recommend it 
to other metal finishers for widespread use . 
' 
This six-month project sought to 
1. -document the procedures and results o f  the system that 
Amerdec designed and installed and that is currently in 
use at Atlas ; 
2. address the performance and cost-effectiveness issues 
needed to substantiate the system ' s  commercial value ; 
and 
3. investigate appropriate technologies to process and/or 
treat the spent regenerant that results from the 
regeneration of the final exchange columns in the 
treatment system . Major emphasis was placed upon the 
investigation o f  the system designer ' s  preferred method 
of plating-out of metal contaminants in the spent 
regenerant . 
The methodology included 
a. on-s ite measurements at the plating shop ; 
b. laboratory analys is of samples ; 
c .  laboratory model ing of  certain processes ; and 
d .  overall  evaluation o f  the system for effective waste 
treatment and minimization in a manner that is 
cost-effective for smal l operators . 
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CHAPTER II 
ANALYSIS OF THE ION EXCHANGE SYSTEM AT ATLAS 
A .  SYSTEM DESCRIPTION 
The ion exchange system at . Atlas Plating is used on all 
plating line rinse tanks ( Figure 3). Rinses from each individual 
· rinse tank are pumped first to a cartridge filter that removes 
particulate material from the rinse water before ion exchange . 
The rinse water then passes through the anion and cation exchange 
columns , where the metal ions in the rinse water are removed . 
After pass ing through the exchange columns , the water returns to 
the rinse tank from which it originated , thus completing the 
rinse water recycle loop . 
Atlas has in place six chromium rinse recycle loops, three 
nickel rinse recycle l oops , and one copper rinse recycle loop . 
Each loop comprises a recirculation pump , a cartridge filter 
(most of the cartridges include activated carbon), PVC 
recirculation p iping ( approximately 1-1/2" diameter) , and two ion 
exchange columns . The columns are outfitted with quick 
disconnect couplings for ease of disconnecting and reconnecting 
during the regeneration process .  
The waste treatment system as installed at Atlas also 
employs a final ion exchange column system to remove metal s  from 
a number of-combined waste flows including 
a. fresh water rinses from the preconditioning process units 
that prepare tne items to be plated: 
b .  f�oor spil lage from all operations: and 
c. regenerant flows from the recycle ion exchange loops. 
All of. these flow streams drain to a wastewater collection sump . 
They are then pumped to a pH adj ustment tank . Wastewater from 
the pH adj ustment tank is pumped through a cartridge filter and 
then through the series of final exchange columns . 
The treated wastewater is discharged to a weir box from 
which it overflows into the sewer . Spent regenerant resulting 
from the regerieration of the final columns is collected and 
stored . The final columns have only.been regenerated once , 
resulting in 300 gal l ons o f  spent regenerant . 
B .  ION EXCHANGE PROCESS DYNAMICS 
Each plating tank is f ollowe,d by a dead rinse tank where a 
5-second spray o f  water removes process plating solution sticking 
to the object that has been pl ated . Then the plated object is 
rinsed in a tank where flowing rinse water picks up traces of 
plating solution and other contaminants . This rinse water is  
continuously recirculated through ion exchange columns to be 
deionized .  
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1 .  Deionization Process . Deionization o f  rinse water takes 
place for each of the fol lowing plating lines ( al l  relevant 
equations are given in Appendix A). 
a .  Copper Plating . Copper is plated out of acid copper 
plating solution that cons ists of about 1 9 5 - 2 4 8  g/ l 
copper sulphate and 30 -75 g/l sulphuric acid . Rinse 
water at 2 .75 gpm flows through an activated carbon 
�filter that removes organic brightener additives and 
suspended sol ids 1 micron in s ize or larger . After 
passing through the filter ,  rinse water goes through 
the cation resin column where copper cations in the 
solution are exchanged for hydrogen cations on the 
res in . At this stage , rinse water is free of copper 
ions but becomes more acidic because of the hydrogen 
ions it has gained . 
The rinse water then passes through an anion 
column . The anion resin exchanges sulphate anions for 
hydroxide anions, which combine with already present 
hydrogen cations to form neutral water . This water 
comes back to the rinse tank ready to pick up more 
traces of plating solution . 
When the deionized water quality starts 
deteriorating and when res in capacity nears exhaustion , 
the deionized water quality starts deteriorating and 
poor plating results are obtained . Resins must be 
regenerated at this point or before. The cation resin 
column is regenerated by pass ing a dilute (10 % ) 
solution of sulphuric acid through it . Sulphuric acid 
provides the depl eted resin with hydrogen cations and 
picks up copper ( and other metal s ) , combining it with 
sulphate anions to make copper sulphate . This copper 
sulphate is too contaminated with impurities to put 
back in the plating tank,· however , and it is dumped 
into a 3 0 00-�al lon sump tank. 
The anion column is regenerated by pump ing a 5% 
solution of sodium hydroxide through it . S odium 
hydroxide provides the depleted res in with hydroxide 
anions in exchange for sulphate anions . Other anions 
such as chlorides and carbonates are also present and 
are exchanged for hydroxide . Al l these anions combine 
with sodium to make sodium salts . Finally , these are 
all dumped into the sump tank . Excess sulphuric acid 
and caustic regenerants present in spent solutions are 
combined in the sump tank to make salts that are 
roughly neutral . 
b .  Nickel Plating . Standard Watts solution i s  used for 
nickel plating . It has a compos it ion of nickel 
sulphate (300 g/l ) , nickel chl oride {60 g/l ) ,  and 
nickel sulphamate (37 . 5  g/ l ) . Rins e  water at 2 . 8 gpm 
passes through an activated carbon filter and then 
through the cat ion column . Nickel cations in the water 
are exchanged for hydrogen cations in the res in . This 
9 
') 
soiution then· passes through the anion column , where ·.r all the anions present in it are exchanged for 
hydroxide anions . These hydroxide anions combine with 
hydrogen cations to make neutral water . Regeneration -�\ 
takes place in. a manner similar to the process I 
described for copper plating . 
c. Chromium Pl ating . Chromium is plated out o f  a standard 
chromic acid bath in which the chromate-ion to 
-sulphate-ion ratio , cro3;so4, is about 100/1. The operating temperature is about 100 degrees F .  Rinse 
water flows through a carbon activated filter that 
removes organic additives and suspended solids . 
Rinse water then goes through the cation resin 
column , where trival ent chromium, iron, and traces of 
other metals are exchanged for hydrogen by the resin. 
Thi s  rinse water then continues on to the anion column, 
where chromatic anions are exchanged for hydroxide 
anions by the resin. These hydroxide anions combine 
with hydrogen cations already present to make neutral 
deionized water that is circulated back to the rinse 
tank. 
Regeneration of the cation resin is .. done by 
passing 1 0% sulphuric acid through the column . · 
Trivalent chromium and other metal ions combine with 
the sulphate ions to make metal sulphates. Depleted 
·cation resin is replenished with hydrogen cations . The 
anion column is regenerated by circulating 5% sodium 
hydroxide through it. Chromates combine with sodium to 
form sodium chromate; hydroxide anions are exchanged by 
the resin. 
2. Treatment of Sump Wastewater. All fresh-water running 
rinses, floor drips and spills, and regenerant from on-line 
columns flows to the wastewater collection sump, where all 
hexavalent chromium is converted to trival ent form by the 
addition o f  sodium bisulphite. A submersible pump, controlled by 
a level switch, pumps the wastewater to a pH adjust tank where pH 
is adjusted to between 5 and 6. This wastewater i s  then pumped 
at about 5 gpm to two cation columns in a series via a filter 
cartridge that removes suspended solids one micron in size or 
larger. 
In the columns , all  metall ic cations , such as lead , nickel, 
copper, and trivalent chromium , are exchanged for hydrogen 
cation . The resulting discharge from the columns, therefore , is 
devoid of  heavy metals but becomes acidic because o f  excess 
hydrogen cations . Its pH is adjusted between 5 and 10 by the 
addition of NaOH before it is discharged into the sewer . Cation 
columns are periodical ly regenerated with sulphuric acid . The 
process dynamics are s imilar to that of the other cation column 
regeneration described previously . Spent regenerant containing 
heavy metals is stored in a tank for further treatment or 
disposal . 
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3 .  Results o f  Water Quality and Metal Removal by Ion 
Exchange Column . Tables 1 through 4 l ist the values o f  specific 
conductivity, pH, and heavy metal removal for various rinse 
tanks . Although the data indicate some heavy metal �emoval from 
the rinse waters, speci fic conductivity readings indicate no 
change in the water qual ity, leading to the conclusion that the 
complete exhaustion o f  the anion resin columns and near 
exhaustion of the cations had taken place . It could not be 
determined when the anions were exhausted . It was observed that 
operators-frequently turned fresh water into the rinse tanks and 
allowed overflow to spill, which was eventual ly collected in the 
sump tank . 
During the period of analys is, the plant was transferred to 
new owners and several operating di fficulties developed . Final 
cation columns were disconnected from t�e sump tank . Sodium 
bisulphite addition and the pH adjust system were dismantled, and 
the fol lowing readings ( Table 5 )  were taken by reconnecting the 
f inal cation column to the sump tank and establishing a 
reasonably steady flow . 
In the beginning, the final columns showed some degree of 
heavy metal removal .  However, during subsequent sample 
collections , they began to  leak . A greater concentration o f  
heavy metals in the f inal discharge than in  the sump tank 
indicates exhaustion, leaking, and possible foul ing of final 
cation columns . Because the pH adjust system following the final 
cation column was not in operation during data collection, no pH 
readings were recorded . 
4. Testing Resins . As a next step in documentation, all 
res ins used at Atlas were identified and tested for important 
parameters ( Table 6). · 
HGR-W res ins show a capacity loss of  35% . HCR-W cation 
resins show good capacity upon regeneration . In the laboratory, 
res ins are regenerated with excessive quantities of regenerant, 
or in other words, " super regenerated . "  Capacities a fter 
regeneration in the field are generally less than the laboratory 
value . 
The low regenerated capacity of HGR-W resins can be 
attributed to organic and inorganic foul ing o f  the res ins . A 
brief procedure to decontaminate the res ins is included in 
Appendix B .  
The anion resin used at Atlas plating i s  a strongly bas ic 
Dowex SBR-P res in used in all anion columns . Its regenerated 
capacity in the laboratory was found to be . 2 0 eq/l . Res in 
samples showed a capacity loss of  80%, because the minimum 
capacity of the new res ins is 1 . 0  eq/l . 
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TABLE l: Water Quality and Metal Removal for Copper Rinse Tank 
*9/23/87 *9/24/87 *9/28/87 *9/29/87 
Par�ter inflUS'lt/eff lUIJlt 'inf1001t/effll.l8lt inf lUSlt/ef flUEJ1t inf 1U9'lt/effllJ8lt 
Sp CcnktMty, 
micl'Olfus/On 2-,•oo 2,600 3,800 3,800 2, 150 2,600 3,300 3,250 
i1f 2.3 2.3 2.00 2.00 1.5 1.5 2.0 2.0 
QJ, nefl 9.85 . 46 
Ni, ng/1 0.79 .13 
TABLE 2: Water Quality and Metal Removal for Hickel Rinse Tank 
'*9/23/97 *9/24/87 *'J/28/87 *9/29/87 
Parcrreter inf lUSlt/eff lUS'lt inf lUIJlt/eff llJa'lt inflUSlt/eff lUEnt inf 11.18'\t/efflUEnt 
Sp Cad.cti vi ty. 
Iii rortt.s/Cm 100 65 100 100 100 100 200 200 
pi 4.2 4.5 4.2 3.9 4.6 4.2 4.2 4.2 
cu IKj/1 0.25 0.22 . 
Ni ag/l 0.10 0.25 
* Influent to Column, Effluent from Column. 
I 
*10/8/87 *10/14/87 
influent/effluent inflUEnt(eff lU1.Y1t 
2,600 2,600 2, 150 2, 150 
3.1 2.5 2.8 2.5 
16.0 .76 
0.36 .52 
* 10/8/87 *10/14/87 
inf lUSlt/eff ll.113\t influent/etf luent 
280 260 420 . 400 
1.0 6.2 4.4 4-.9 
0.14 0.15 0.33 0.32 
0.94 0.13 0.37 0. \4. 
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TABLE 3: Water Quality and Metal Removal for Chromium Rinse Tank #1 
* 9/23/87 * 9/24/87 *9/28/87 '*9/29/87 
Paratreter influent/effluent i nflllfJ)t/ef fluent inf 1uent/eff luent inf luent/efflua'lt 
Sp CaicLctivity, 900 800 1, 150 1, 150 1000 1000 950 900 
micraitas/Qn 
!if 4.65 4.6 3.7 3.7 5.2 5.2 5. 1 5.1 
O.ug/l .58 2.82 
Ni ng/l .59 1.66 
Cr(T) irg/l 40.50 115 
Cr(l-ex) rrg/1 25.8 65 
TABLE 4: Water Quality and Metal Removal for Chromium Rinse Tank #2 
* 9/23/87 *9/24/87 *9/28/87 *9/29/87 
Par.nrter inf lLIEflt/eff lU81t inf lUEllt/eff lUSlt inflUEllt/efflU9'lt inf luent/eff lUSlt 
Sp Cad.ct:ivity 280 260 320 300 250 250 300 300 
micrarfus/On 
!if 3.7 3.8 3. 7 3.8 3.7 3. 7 1.9 1.9 
Cu llWJ/l 0.49 0.33 
Ni ng/1 · 0.51 0.21 
Cr(T) ttg/l 0.87 0.65 
Cr(tex) ng/1 
* Influent to Column, Effluent from Column. 
� '. - _  -- l '----_,_.../ '-------' 
l 
*10/8/87 *10/14/87 
inf luent/eff lUSlt inf lli!lt/eff lLIEflt 
1,800 1,800 1,050 1,050 
3.0 5.6 5. 1 5.4 
2.16 0.31 0.45 0.21 
1.06 0.46 0.21 0.15 
145 37.0 100 86.0 
57.50 24.0 100 62.5 
*10/8/87 *10/14/87 
inflllEllt/eff luent inf luent/ef f lllEllt 
380 360 . 340 340 
4.0 3.9 3. 7 3.1 
0.95 0.35 0.49 0.43 
0.69 0.39 0.42 0.32 
1.6& 0.43 1.36 (), 12 
0.64 0.05 O.S 0.05 
, .  
.... 
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TABLE 5 :  Heavy Metal Removal by Final . Cation Columns 
RESJLTS 
9/28/87 9/29/87 
s.r.> Final s.r.> F;nal s.r.> 
Talk Discharge Tank Discharge Tank 
� 63 .0 0 . 92 38 . 3  29. 3  22 . 50 
Cadniun * 0 . 05 *0 . 05  0 . 05  0 . 25  0 . 25  
ZirK: 0 . 59 1 . 33 4 . 84  0 . 40 
lrcn 13 .6  7 .  7l ' 1 3 . 00 3 1 . 8  8 . 10 
Nickel 1 5 . 1 5 . 23 26 . 8  57 . 5 21 . 0  
lead 0 . 23 *0 . 05 0.43 0 . 05 0 . 18 
Tota 1 Clroniun 4 . 78 0 . 52 9 :15 6 . 53 1(}. 3 
He.xava lMt Ctronit.111 0 . 33 
SJSprided �lids 60 . 0  1 7 . 2  
* !Wotes ' l.E$  llW' '  (Belllll detectable limit of iroo:Wre US9:f) . 
1 0/6/87 
Final s.r.> 
Discharge Tank 
36 . 50 1 2 . 1 
0 . 26 
8 . 70 0 . 32 
46 .00 4 . 26 
72 . 5  4 1 . 3  
o . u  0 . 05 
0 . 26 6 . 50 
--
1 ·  
1 0/8/87 
Final 
Di charge 
22 . 2  
4 . 48 
23 . 8  
40 . 9  
0 . 17 
0 . 1 5  
1 0/18/97 
s.r.> .  Final 
Tank DiSCha!J! 
9 . 4  2 1. 0  
1. 34 17 . 8  
7 . 50 43 . 7  
0 . 1 2  0 . 1 8 
2 . 2.4  1 5  . .f. 
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Til:LE 6 :  Capacity of Cation Res ins Used at Atlas Plating Company 
Capac i ty, Eq ./1  
Locat i on Cat i on  Res i n  I on i c  Form As i s  After Regenera- M i nillllll Tota l Capaci ty 
t i on i n  Lab l i sted by the Manufacturer 
Copper R i nse St rong l y  Ac i d i c  Hydrogen . 13 1 .3 2 . 0  
Dowex HGR-\1 
N i cke l R i nse St rong l y  Ac i d i c  Hydrogen . 1 3  1 .3 2 . 0  
Dowex HCR -\1 
Ch romh.111 R i nse Strong l y  Ac i d i c  Hydrogen . 18 1 . 96 1 . 8 
Dowex HGR-\1 
F i na l  Colunns S t rong l y  Ac i d i c  Hydrogen . 42 1 .3 2 . 0  
Dowex HGR-\1 
1 5  
In general, replacement of res ins is recommended if there i s  
an irrevers ible l o s s  o f  capacity o f  35% o r  more . However, thi s  
recommendation is based on a chemical analys is  of the res ins, not 
on unsatisfactory column performance .  For example, if the column 
is working satisfactorily because there are large amounts of 
resins in the column, or there is a sma l l  rate of inflow, then 
the res ins may not have to be replaced . 
For Atlas plating, it is recommended that most of the res ins 
b e  cleaned" and regenerated before operations resume . Cleaning 
and regeneration procedures are briefly described in Appendix B .  
However, as discussed previously, the anion resin, SBR-P , 
probably needs replacement in any event . 
C .  A COMPARI SON OF RES IN COLUMN OPERATING CONDITIONS AT ATLAS 
WITH THE MANUFACTURER ' S  RECOMMENDED OPERATING CONDITIONS 
Table 7 shows operating data at Atlas compared with the 
manufacturer ' s recommended operating conditions . 
It seems that most of the ion exchange system des ign i s  wel l  
within recommended criteria .  However, based on the deterioration 
of the anion res in S BR-P , it is felt that chromic acid is too 
strong an oxidant for this  res in . A Dow Chemical Company 
representative suggested that a pH closer to 7 would help the 
res in perform better . He also recommended us ing strongly bas ic 
Dowex MSA- 1 instead of S BR-P res in . MSA-1 is more resistant to 
oxidation . 
The rinse processing capacities and time between 
regeneration were calculated based on exi sting average 
concentrations and flow rates, and the minimum capacity of res in 
listed by the manufacturer . ( See Tab l e  8 )  
The time between regenerations indicated in Table 8 may be 
misleading because of .high concentrations o f  plating solutions in 
the rinse water . The designer had recollll1\ended five-second sprays 
of high-pressure water over the stagnant rinse tanks to keep 
total dissolved solids ( TDS ) concentration below 10  ppm . 
However, during the documentation period, only one partial ly 
functional spray was observed in the shop . 
Cation column capacities, however, are several times higher 
than anion column capacities . This means that when an anion 
column gets exhausted, a cation column is  only partially loaded . 
Because it is customary to regenerate cations and anions at the 
same time, time and material would be wasted in regenerating the 
cation columns . Capacities of columns should have been matched 
more closely . 
D .  CONCLUS I ONS S PE C I F I C  TO THE S ITUATI ON AT ATLAS PLAT ING 
1. At the beginning of the documentation process the ion 
exchange system was operating ineffectively . It became 
obvious that the res ins were exhausted . 
1 6  
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LOCATION 
Copper Rinse 
Nickel Rinse 
Chromium Rinse 
Final Columns 
RESIN 
Cation 
HGR-W 
Anion 
SBR-P 
Cation 
HGR-W 
Anion 
SBR-P 
Cation 
HCR-W 
Anion 
SBR-P 
Cation 
HGR-W 
TABLE 7 
PARAMETER 
pH range 
maximum temp. 
service flow rate 
pH range 
maximum temp. 
service flow rate 
pH range 
maximum temp. 
service flow rate 
pH range 
maximum temp. 
service flow rate 
pH range 
maximum temp. 
service flow rate 
pH range 
maximum temp. 
service flow rate 
pH range 
maximum temp. 
service flow rate 
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OPERATING CONDIDONS 
Existing Suggested 
1-2 0-14 
100 dem;ee F 
.85 g/ft.3 
300 def.�e F 2-4 g/ t. 
1-2 0-14 
100 dem;ee F 
.43 g/ft.3 
125 def.�e F 
2-3 g/ . 
3.5-4.5 0-14 
100 degree F 
.86 g/ft.3 
300 def{�e F 2-4 g/ . 
3.0-4.5 0-14 
100 dem;ee F 
.44 g/ft.3 
125 def.�e F 2-3 g/ t. 
3-5.5 0-14 
110 dem;ee F 
.77 g/ft.3 
300 deK�e F  2-4 g/ t. 
2.5-5 0-14 
101 de?Jee F . 63 g/ft 
125 def{�e F 2-4 g/ . 
4-6 0-14 
80 d�ee F 
.74 g ft.3 
300 def.�e F 
2-4 g/ t. 
TABLE 8 :  Ion Exchange Columns Capacity Data 
Copper Rinse 
Nickel Rinse 
Chromium 
Rinse # 1 
Chromium 
Rinse # 2 
Final Cation 
Columns 
De ionizing Capacity 
Gallons 
Time Between 
Regenerations* 
Cation Column/Anion Column 
1 0 9 , 0 0 0  9 , 8 0 0  7 . 5  
1 , 7 0 0 , 0 0 0  3 3 , 5 0 0  2 5 . 0  
1 , 7 5 0 , 0 0 0  9 , 9 0 0  4 . 0 
7 0 , 0 0 0 , 0 0 0  49 7 , 0 0 0  2 0 1 . 0 
7 7 , 0 0 0  3 2 . 0  
Ratio o f  
cation to 
Anion 
Capacities 
1 1  
5 1  
1 7 7  
1 4  
* Based o n  the sma l l er o f  two capacities l i sted in column 1 
and 2 .  
1 8  
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2 .  cation resins had some contamination but could be 
regenerated and used . 
3 .  Anion res ins on the chromium rinses were fouled and 
oxidized . In the laboratory they could be regenerated to 
2 0% of  their minimum capacity l isted by the manufacturer . 
They may have to be replaced . 
4 .  Lack of bas ic maintenance was the primary problem .  The 
following conditions were observed : 
a .  activated carbon filters were missing : 
b .  spray noz z les on stagnant rinse tanks were missing 
and/or partially functioning : 
c • .  the systems needed to adjust pH leve l s  during the ion 
exchange process were miss ing and/or inoperable : 
d .  the chromium reduction system was missing : 
e .  deionized water was not being stored ( it i s  important 
that rinse tanks can be charged with deionized water 
when first started ) ; and 
f .  although some of the res ins could have been regenerated 
and used in an effective manner , this had not been done . 
E .  CONCLUSIONS PERTAINING TO ION EXCHANGE AND THE AMERDEC SYSTEM 
1 .  The Amerdec Ion exchange system wil l  work for smal l  
electroplaters i n  a controlled environment . The 
fol l owing conditions must be met : 
a .  There should be a regular inspection of filters and 
they must be changed as recommended by the des igner . 
b .  Conductivity of rinse water should be strictly 
control l ed us ing automatic control lers with alarms . 
c .  A spare set of cation and anion columns should be 
available for the rinse tanks where there is  a 
higher risk of fouling the res in , such as chromium 
rinses . 
d .  Necessary and standard shop maintenance practices 
must be observed . These include keeping the pumps , 
p ipes , and valves in good working condition and 
avoiding surges of high concentrations of plating 
solutions in the system . 
e .  Personnel should be trained to operate the ion 
exchange system . Such training is not complex and 
could be handled by employees .  
2 .  Water savings and savings in waste disposal , if the 
system was functioning , would j ustify the system 
economical ly over a conventional treatment system . 
1 9  
3. Capacity for waste reduction makes ion exchange highly 
desireable in the current regulatory climate, which i s  
directed away from land disposal . 
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CHAPTER III 
PLATING-OUT EXPERIMENT 
A .  PURPOSE 
The purpose o f  this experiment was to verify the designer ' s  
claim that mixed regenerant could be discharged to the sewer 
legal ly and safely a fter plating-out a s ignificant percentage o f  
heavy metal s  and removing. the remaining heavy metals by passing 
the "plated-out" regenerant through a column containing cation 
res in . I f  the plating-out as described is  verified, then a zero­
discharge process has been establ ished , and treatment is  entirely 
in-house . 
B .  EXPECTED RESULT 
The designer ' s  claim would be val id if the chromium 
concentration in the plated-out regenerant could be brought down 
to about 4 0 0  ppm . Solutions having concentrations more than thi s  
could not be passed through the cation res in columns at Atlas 
without some leaking effect . If chromium concentration in the 
plated-out regenerant were brought to about one-third of its 
original concentration, other metals would be reduced by a far 
greater proportion ; for example, · copper would be expected to be 
reduced to one s ixth of its original concentration . 
C .  METHODOLOGY : FIRST PLATING-OUT EXPERIMENT 
. The designer claimed that commonly available plat ing shop 
material could be used to plate-out the metals from the mixed 
regenerant . It was proposed that stainless steel electrodes be 
used ; 3 04 -stainless steel was used both for cathodes and anodes . 
This choice was dictated by cheaper price and easy availability . 
Much more expens ive 3 1 6-stainless steel has sl ightly better 
chemical res istance properties , but has similar compos ition and 
would have potentially s imilar anodic corrosion . 
. Commercial ly made electrolytic cel l s  typically have 
precious-metal -coated t itanium substrate anodes, the exact nature 
of which is proprietary information . Manufacturers of such cel l s  
d o  not recommend their use for solutions containing more than 10 
ppm of chromium, and the pH range suggested is between 2 and 11 . 
Flourides should also be less than 1 0  ppm . The mixed regenerant 
from Atlas exceeds chromium and pH l imits as shown in Table 9 .  
About 2 0  gal lons o f  mixed reg.enerant with the compos ition given 
in Table 10 were used for this purpose . An electrolytic cel l was 
used . cons isting of an open-top rectangular PVC tank with two 
anodes and two cathodes made of 3 04 -sta inless steel plates ( 14 "  x 
2 0 "  x 1/ 3 2 " ) . Cathode and anode plates were separated from each 
other by about 5 "  and were alternated . Each electrode was 
submerged 8 "  into the regenerant . 
2 1  
TABLE 9 :  composition o f  Mixed Reqenerant Before the Platinq-out 
Experiment 
Analysis -
Conductivity in micromhos/ cm 
Copper 
Nickel 
Iron 
Total Chromium 
Hexaval ent Chromium 
Suspended Sol ids 
pH 
Cadmium 
Z inc 
Lead 
Total Dissolved Sol ids 
Mixed Regenerant 
117 , 9 0 0. 0 0  
1 6 9 . 0 0 ppm 
34 9 . 0 0 ppm 
5 5 0 . 0 0 ppm 
1 , 2 60 . 00 ppm 
* 0 . 0 5 ppm 
7 . 2 0 ppm 
1 . 0 0 ppm 
1 . 0 3 ppm 
7 7 . 5 0 ppm 
15 . 0 0 ppm 
1 6 , Q O O . O O  ppm 
* Denotes " less than" (below detectable l imit of procedure used ) . 
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Step 1 
Using a rect ifier , 5 0  amperes of DC current at eight volts were 
passed through the solution for about one hour at room 
temperature with total cathode area of 3 . 11 ft . The solution was 
agitated by an el ectric agitator . After one hour , a fine , deep­
brown depos it was observed on cathode plates . No gases were 
observed , nor any vis ible corros ion on anode plates . 
Step 2 
5 0  amperes at eight volts were made to pass through the solution 
for 2 4 hours . After 2 4 hours , it was observed that dipped 
portions of anodes were completely disintegrated because of 
anodic corros ion . 
Step 3 
A cathode depos it o f  deep ochre color and spongy composition was 
scraped from the cathode plates and analyz ed for metal s  content 
by atomic absorption spectroscopy . Results are reported in Table 
1 1 . 
Step 4 
The solution l e ft in the electrolytic cel l was analyzed for 
metals . The results are presented in Table 1 0 . Based on these 
results , it was concluded that mixed regenerant cannot be 
plated-out us ing commonly available ma.terial s . It was proposed 
that a second experiment be conducted using graphite anodes and 
stainless steel cathodes . The idea of us ing platinized titanium 
anodes was dismissed because of prohibitive costs for a one-time 
operation . 
D .  THE SECOND PLATING-OUT EXPERIMENT 
In a sma l l  glass electrolytic cel l  ( 8 "  x 4 "  x 4 11 ) , us ing a 
graphite anode and stainless steel cathode , 1 - 2  volts of  
electricity were passed through the mixed regenerant . At the 
beginning of the experiment , the current reading was observed to 
be less than two amperes . Agitation was provided by an electric 
agitator l ined with rubber . Special attention was paid to 
agitation near the cathode to discourage the formation o f  any 
pass ivating films and to encourage ionic migration . To pl ate-out 
trivalent chromium and ayoid formation o f  hydrogen , sodium 
hydroxide was added periodical ly to keep the pH level above 1 . 0 .  
After about 6 0  hours o f  this operation , the pH level was 
raised to between 2 . 5  and 3 . 0  for four hours to encourage the 
plating-out of nickel . When plating was discontinued , a greyish , 
sludge-l ike deposit was observed on the cathode plate . Below the 
deposit , a thin layer of metal that looked l ike copper was also 
observed . The cathode depos it was analy z ed for concentrations o f  
metals i n  percent wei�ht ( Table 1 2 ) . 
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TABLE 1 0 : Analysis o f  Pl ated-Out Regenerant 
Results 
Cadmium 
Total Chromium * *  
Hexaval ent Chromium 
Copper 
Iron * *  
Lead 
Nickel * *  
Z inc 
pH 
Concentration in mg/l 
0 . 7 1 
3 , 08 0 . 0 0  
0 . 05 *  
9 . 09 
6 , 2 7 0 . 0 0  
0 . 5 8 
1 , 0 0 0 . 0 0 
8 . 5 0 
2 . 55 
* Denotes " less than" ( below detectable l imit of procedure 
used ) . 
* *  Higher concentrations o f  iron , nickel , and chromium i n  the 
solution can be attributed to dissolut ion of sta inl ess steel 
anodes in the solution . 3 0 4 stainl ess steel typically has 
18-2 0 %  chromium and 8 - 1 0 %  nickel . 
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TABLE 1 1 : cathode Deposit Analysi s 
Results 
Copper 
Cadmium 
Z inc 
Iron 
Nickel 
Lead 
Chromium 
% dry wt . Sol ids 
Concentration in % weight 
Results Based 
on Sample as 
Received 
1 . 4 1 
0 . 0 1 6  
0 . 4 02 
1 0 . 2 2 
1 . 18 
0 . 12 8  
9 . 3 4 
4 4 . 4 % 
Results Based 
on % Dry wt . 
Sol ids 
3 . 17 
0 . 0 3 7  
0 . 9 0 5  
2 3 . 02 
2 . 6 6 
0 . 2 8 8  
2 1 . 04 
* Denotes " less than" ( Below detectable l imit of procedure used) . 
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TABLE 12 : concentration o f  Metal s  in Cathode Deposit 
Metal Concentration in % we ight 
Copper 18 . 3  
Nickel 2 . 36 
Iron 2 . 2 8 
Chromium , Total 12 . 8  
2 6  
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As the results of Table 12 indicate , it was pos s ible to 
plate-out metals from the mixed regenerant . Under 
wel l-controlled conditions , it is possible to plate-out enough 
metal s from the mixed regenerant so that it can be discharged to 
the sewer after passing it through an appropriately s i z ed cation 
res in column to remove residual metals . Although it would be 
poss ible to do this , the process would be tedious , 
time-consuming , and difficult to control . Moreover ,  while the 
depos it h�s a metal l ic content , it is of sludge-l ike consistency , 
hazardous , and therefore , may still require off-s ite disposal in 
an appropriate landfill . On the other hand an important 
improvement compared to chemical destruct systems is that the 
volume of sludge is greatly reduced . It is expected that 4 to 8 
cubic feet of this deposit will be generated per year . A 
comparable conventional system would generate 12 0 cubic yards o f  
sludge per yea r . 
E .  SLUDGELESS SYSTEMS 
With some modi f ications the ion exchange system at Atl a s  
could b e  made sludgeless with commercially available and proven 
equipment without carrying out the plat ing-out process described 
above . Furthermore , ion exchange systems are ava i l ab l e  that have 
electrolyt ic recovery and evaporation units capable of making 
pretreatment s ludgeless . What fol l ows is a description o f  the 
modifications and costs required to retro fit the Atl as system to 
make it s ludge l ess . 
The first step would be recovering chromic acid from the 
spent regenerant from anion columns on the chromium rinses . Thi s  
can be done b y  pas s ing the regenerant' through a cation res in 
column and concentrating the effluent by evaporation . Thi s  
effluent can b e  reused by returning i t  t o  the plating tank . 
Copper and nickel can be recovered in saleab.le metal l ic form by 
electrowinning o f  the spent regenerant from copper and nickel 
rinse tank cation columns . Spent regenerant from the cation 
columns on chromic rinse tanks and the anion _columns on copper 
and nickel tanks can be discharged to the sewer a fter adj usting 
the regenerant ' s  pH because there are no discharge l imits on 
anion concentrations . It is estimated that these mod i f i cations 
would cost $ 1 5 , 0 0 0  to $17 , 0 0 0  for Atlas . 
As menti oned previously , there are total ly s ludgeless ion 
exchange systems available commercially . Such systems , with 
provisions for electrowinning , can be used with copper and nickel 
plating l ines _. For a chrome plating l ine , the recovery o f  
chromic acid would require addit ional equipment that includes a 
pump and f ilter assembly , cation column , and an evaporator . 
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CHAPTER IV 
THE ECONOMICS OF THE ION EXCHANGE TREATMENT SYSTEM COMPARED 
TO CONVENTIONAL TREATMENT 
A .  · AMERDEC SYSTEM AS INSTALLED AT ATLAS (ALTERNATIVE 1 )  
I t  was estimated that Atlas would use about 6 gpm o f fresh 
water if t;_he ion exchange system were effective and al l the 
pertinent rinses were being rec ircul ated . Ordinarily , a shop o f  
Atl as ' s i z e  would use , conservatively , 30  gpm of water i f  i t  had 
a conventional treatment system . Chicago has a relatively cheap 
water supply at $ 1 . 17 per thousand gal lons , but even at these 
rates , savings at Atlas amount to about $3 , 3 7 0  per year . This is 
based on an eight-hour day , 2 5 0  days per year operation . 
Based on exist ing rinse rates , and a maximum TDS 
concentration o f  10 ppm ( or a spec i fic conductivity of rinse at 
20 micromhos/ Cm ) , on-l ine columns would have to be regenerated 
about every 1 0 0  days , or every three months . Assuming a maximum 
TDS concentration o f  5 0  ppm in the sump tank , f inal cat ions would 
have to be regenerated every month . 
It is estimated that 2 4 lbs . o f  sodium hydroxide would be 
needed for each anion column , and about 3 0  lbs . of sulphuric acid 
for each cation . Based on the regeneration schedule mentioned 
above , about 8 0 0  lbs . of sodium hydroxide and 17 0 0  lbs . of 
sulphur ic acid would be needed annual ly f o r  regenerat ion . The 
cost o f  these chemicals , at bulk purchase prices , is est imated at 
3 0  cents and 15 cents per pound , respectively . 
Other chemica l s  are needed to operate the ion exchange 
treatment system . Sodium b i sulphite is used to reduce hexaval ent 
chromium to trivalent chromium , and caustic and sulphuric acid 
are required to adj ust the pH . It i s  estimated that these 
chemical s  would cost $ 1 , 000  annual ly. Activated carbon and other 
filters need monthly replacement and would cost about $ 6 , 0 0 0  
annua l ly . 
It i s  est imated that the 2 , 4 0 0  ga l l ons o f  regenerant 
produced annual ly would have a potential for in-house treatment . 
In the laboratory , the metal s  that were pl ated-out were in a 
sludge form and therefore could not be disposed o f  as 
nonha z ardous material . However , the solution l e ft in the 
electrolytic cel l had a lower metal concentrat ion and could be 
made nonha z ardous by passing it through a cation res in column . 
I f  the regenerant produced was hauled and treated by an 
outs ide facil ity four times a year at 3 0  cents a gal l on , with 
$ 4 0 0  for transportat ion for each batch and $ 2 5 0  for analys is , it 
would cost . about $ 3 , 3 0 0  per year . 
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B .  AMERDEC SYSTEM AS PROPOSED , WITH PLATING-OUT ( ALTERNATIVE 2 )  
Treating the regenerant in-house would neces s itate 
investment in a small electrolytic cel l , · a  recirculation pump 
and/or air agitator , a 5 -to-1 0  micron filter bag , a rect i f ier , 
and a cation res in column . It can be reasonably assumed that a 
sma l l  commercially ava ilable electrolytic cel l , costing about 
$ 3 , 0 0 0 , could be used for thi s  purpose . Although some in-field 
modification may be needed , it i s  estimated that this system 
would have an installed cost o f  $ 1 0 , 0 0 0 . 
Based on laboratory results , it can be assumed that the 
cathode depos it obtained by plating-out of mixed regenerant will 
have to be d isposed of as hazardous waste . Disposal costs for 
two shipments of a 1/ 2 drum each are estimated at $ 6 0 0/per year . 
Operational time i s  not included , a ssuming one person would be 
a s s igned to ma inta in and supervise the pol lution control 
equipment . 
C .  COMMERCIALLY AVAILABLE SLUDGELES S  SYSTEMS ( ALTERNATIVE 3 )  
Total costs for this third alternative are estimated at 
$ 1 0 5 , 0 0 0 . Thi s  includes the cost o f an ion exchange system with 
an el ectrowinning component plus the chromic acid recovery 
apparatus . Income generated from recovery of chromic acid , 
copper ,  and nickel has been bal anced against the replacement of 
additional filters and energy costs for the sake o f  s impl icity in 
computing operating costs . 
D .  CONVENTIONAL SYSTEM 
Chemical costs for the conventional chemical treatment are 
a s sumed to be 5% - of  the instal l ed cost . It is estimated that 1 0  
cubic yards per month of metal hydroxide sludge would be produced 
by the conventional treatment system . Disposal and 
transportation charges are about $ 1 1 0/per cubic yard . 
Table 13 outl ines the costs o f  these three ion exchange 
system alternatives ( one with treatment of regenerant by an 
outs ide TS O facil ity , and the second with in-house treatment o f  
the regenerant ) and compares them to a conventiona l  destruct 
system . 
Based on this analys i s , an ion exchange system seems to 
o f fer more economical operation . Alternative 3 ,  although 
sl ightly more expens ive because of higher initial instal l ed cost , 
may be the best alternative in l ight o f higher expected costs of 
chemica l s  and sludge disposal . Alternative 2 seems to be 
impractical because o f  the complexities involved in plat ing-out 
of mixeq regenerant . Clearly , convent ional destruct systems are 
the l east des ireable from a cost standpo int and run counter to 
the regulatory trend cal l ing for z ero discharge . 
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TABLE 13 : A Compari son o f  Annual Operating costs for Ion Exchange 
system at Atl as and a conventional Chemical Destruct System 
Chemical 
Ion Exchange System Destruct System 
Alt . 1 Alt . 2 Alt . 3 
Installed Cost ( $ 8 5 , 0 0 0 )  ( $9 5 , 0 0 0 )  ( $ 1 0 5 , 0 0 0 )  ( $ 1 0 0 , 0 0 0 )  
Cap ital Recovery $ 13 , 6 0 0  $ 15 , 2 0 0  16 , 8 0 0  $ 1 6 , 0 0 0  
Regenerant and/or 
other chemicals 1 , 0 0 0  1 , 0 0 0  1 , 0 0 0  5 , 0 0 0  
Replacement o f  
act ivated carbon & 
other filters 6 , 0 0 0  6 , 0 0 0  6 , 0 0 0  - - - - - - -
Cost of regenerant/ 
sludge disposal 2 , 10 0  6 0 0  - - - - - - 1 3 , 2 0 0 
Water use 8 4 2  8 4 2  8 4 2  4 , 2 1 2 
Total $ 2 3 , 5 4 2 $ 2 3 , 64 2 $ 2 4 , 64 2 $ 3 8 , 4 1 2 
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APPEND:CX A 
EQUAT:CONS FOR DE:CON:C Z�T:CON OF R:CNSE WATER 
3 1  
Copper Plating 
Plating solution used is standard acid bath , consequently rinse 
water contains cuso4 and H2 so4 . 
Cat ion Exchange 
Anion Exchange 
When exhausted , cat ion columns are regenerated by 1 0 %  
sulphuric acid and anion columns b y  5 %  sodium hydroxide . 
Cation : 
Anion : 
R2 Cu + H2 S 04 --> 2 RH + CuS04 
R2 so4 + 2 NaOH --> 2 ROH + Na 2 s o4 
Ni cke l Plating 
Watts solution i s  used as the pl ating solut ion , which has a 
chemical compos ition
. 
o f  Nicl 2 , ( Niso3NH2 } 2Ni , H3 Bo3 • The 
equati ons governing deioni z at ion and regenerati on are : 
Cat i on Column 
2 RH + NiC12 - - >  R2N i  + 2 HC l 
( NiS03NH2 } 2 N i + 4 RH - - >  2 R2 N + (NH4 } 2 S04 
( NH4 } 2 so4 + 2 RH --> RNH4 + H2 so4 
3 RH + H3 Bo3 - - >  R3 Bo3 + 3 H2 
Anion Exchanger 
ROH + HC l --> RCl + H 2 0 
ROH + H2 so4 - - >  R2 so 4 + H 2 o 
Regeneration 
Cat ion 
R2N i  + H2 so4 --> N is o 4 + 2 RH 
2 RNH4 + H2 so 2 - - >  ( NH4 ) 2 so4 + 2 RH 
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Anion 
RCl + NaOH - - >  ROH + Nacl 
Chromium �lating 
After nickel plating , chrome is plated on the piece us ing a 
chromic acid bath that cons ists o f  H2 cro4 + H2 so4 . 
Cation Exchange 
Note that chromium is  present in chromic acid in the anion 
chromate , cro4 . At cation , any traces of metals such as iron are 
p icked up . 
Anion 
2 ROH + H2 Cr04 - - >  R2 cro4 + 2 H2 0 
2 ROH + H2 so4 - - >  R2 so4 + 2 H2 o 
Regeneration 
Cation 
An i on 
R2 s o 4 + 2NaOH - - >  2 ROH + Na 2 s o4 
Hexaval ent chromium is reduced to trival ent form us ing sodium 
meta bisulphate . 
Two final cati on columns pick up metal s  from the sump waste 
water , for example : 
Niso4 + 2 RH - - >  R2 N i + H2 s o4 
Cus o 4 + 2 RH - - >  R2 Cu + H 2 so4 
Water free of metal s  i s  adjusted for pH and is  discharged to the 
sewer . 
3 3 
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APPENDIX B 
CLEANING AND REGENERATING RESINS IN ION EXCHANGE SYSTEMS 
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FOULING AND CLEANING OF RES INS 
The fol l owing informat ion has been obtained from Mitco Water 
Laboratories , Inc . , �inter Haven , FL 3 3 8 8 0 . 
Foul ing 
Al l res ins experience some foul ing even w ith standard 
maintenance procedures . Foul ing impedes reaction kinetics , 
creates d i f fering ionic strengths in the res in , reduce throughput 
volumes , and deteriorate effluent qual ity . Principal foulants o f  
cation res ins are calcium ,  aluminum , barium , iron , and any 
extraneous materials not f i ltered out before the columns . 
Primary foulants o f  anion resins are organics , s i l ica , and iron . 
Strong oxidants , such as chromic acid , can oxidi z e  anion res ins 
and reduce their capacities substantial ly . 
Procedures for Cleaning I on Exchange Res ins that have become 
Foul ed 
Certain soluble ,  col l o idal , and insoluble compounds present 
in solutions be ing treated by ion exchange may cause d i f f icul ties 
in the operati on o f  ion . exchange equipment . The fol l owing 
suggested clean-up procedures do not necess itate removal of the 
ion exchange res ins from the exchange vesse l s . Regenerant 
solut ion tanks provided with the equipment may be used a s  
containers for the treating solut ions . 
Removal o f  Suspended Matter from Ion Exchange Beds 
Turb idity and sediment sometimes col lect in ion exchange 
res in beds . Most turb idity cons i sts o f inorganic material s ,  such 
as clay ,  s i l t , s i l ica , sul fur , and rock flour . Organic 
material s , o i l s , fats , algae , and micro-organ isms may also cause 
turbidity . 
With a source o f  turb idity- free water , a cons iderable amount 
of the foul ing material may be removed by a thorough backwash . 
It i s  general ly adv isable to remove the manhole from the ion 
exchange vessel to prov ide access to the res in bed to a l l ow 
mechanical stirring . This wi l l  break up any clumped res in . 
Cont inued backwashing will  remove most o f  the suspended matter 
from the res i n  bed . Addit ional scrubb ing action is gained by 
completely dra ining the exchanger and pass ing water up flow at a 
rapid rate . 
Res in Decontaminat ion Using Hydrochl oric Acid 
A fami l iar method of removing iron from the metal res in 
cons ists o f  pas sage o f  5 %  hydrochloric acid down flow through the 
bed . The bed is then r insed wel l  with water unt i l  the HCl 
concentrat ion has dropped to about 2 5 gpg , caco3 equival ent , 
methyl orange acidity . The res in is then backwashed unt i l  c l ear 
water is obta ined . After rinsing o f  the salt brine from the bed , 
the soft water i s  checked for acidity . Three or four drops o f  
methyl orange ind icator a r e  added t o  5 0  ml o f  water . I f  the 
color is yel l ow ,  the so ftener is aga in ready for service . I f  the 
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color is red , the softener should be regenerated aga in with salt . 
Thi s  is done to prevent corrosion o f  the tank and p ip ing by 
acidic water . 
The quantity o f  acid to be used is 15 lbs . , 3 0% HCl per 
cubic foot of cation res in . This corresponds to 1 . 5  gal l ons per 
cubic foot . 
Removal of Cal cium Sul fate from a Cation Res in Operating on the 
Hydrogen Cycl e  
cation res in , especially the h igh-capacity styrene type , may 
become fouled with caso4 , when us ing H2 so4 as a · regenerant . Thi s  
precipitate is caused by contacting a bed of calcium-exhausted 
res in with H2 so4 greater than 2 %  concentration at the start o f  
the regeneration cycle . 
Calcium sul fate is sparingly solubl e  in water ( about 0 . 2  to 
0 . 5  per cent ) . If higher concentrations o f  acid , say 5 % , are 
used , a white powderl ike material , caso4 , wil l  be observed in the 
regenerant effluent . A cons iderable amount of this precipitate 
wil l be trapped in the res in bed and wil l  s l owly dissolve . The 
e f fluent from the res in will contain hardness .  Upon passage 
through an anion res in , the water wil l  be incompletely deion i z ed . 
In order to remove this calcium sul fate precip itate , the 
res in is backwashed with water to remove as much of the 
precipitate as poss ible . Hydrochloric acid i s  then drawn from 
1 2 . 5  gal lon carboys to dissolve the remaining caso4 . Use 1 . 5  
gal l ons 3 0% HCl per cubic foot o f  cation res in . Draw at a 
concentration o f  5 %  spec i f ic gravity 1 . 0 2 5 . Rinse bed with water 
unti l  efflµent is hardness- free . The cation resin is then ready 
for service . 
-
Removal of I ron and Heavv Metal from Ani ons Res ins o f  the Weak 
Base and Strong Base Types ' 
Anion res ins may become fouled with iron and other heavy 
meta l s , such as copper and manganese , in a variety o f  ways . 
F irst , caust ic soda solutions used for regeneration genera l ly 
contain some iron . This iron precip itates and i s  filtered dur ing 
the regeneration procedure . If the highest qual ity de ion i z ed 
solutions are des ired , it i s  advisable to use rayon or 
nylon-grade caust ic having a low iron content ( under 5 ppm ) . 
. In certain cases , iron and copper may be held by the anion 
res in as an anionic complex . These complexes are rather 
d i f f icult to remove w ith caust ic soda . Acids are much better in 
thi s  s ituat ion . 
The best method of removing these heavy meta l s  is by the use 
o f  a 5%  hydrochloric acid per cub i c  foot o f  anion resin . The 
acid is drawn in at a concentrat ion of 5 % . It is most 
conveniently handled by ej ection from a 1 2 . 5  gal l on carboy . 
Fol l owing addit ion o f  the acid , rins ing i s  begun us ing s o ft 
water . Rins ing is cont inued until the methyl organge acidity has 
dropped to about 5 0 0  ppm . 
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Fol l owing the acid treatment , the res in is backwashed and 
regenerated in the normal manner by sodium hydroxide . I f  the 
anion resin is exhausted with carbonate or bicarbonate ions , a 
cons iderable amount of gassing will be noticed . In order to 
complete the acid draw , it may be necessary to leave the vent 
l ine at the top of the tank open . 
Thi s  hydrochl oric acid clean-up may be carried out on 
exhausted _res ins . With strong base resins , if more than 5 %  o f  
the res in capacity has been used for the removal of s i l ica , then 
a regeneration with caustic should precede the acid wash . 
Removal of Orqanic Foul ing Materials from Strong Base Anion 
Exchangers 
Strong based anion exchange res ins and have the abi l ity to 
remove high mol ecular we ight ion i z ed organ ic materials from water 
and aqueous solut ions . These material s , such as organ ic acids , 
tannins , phenol ic materials , and color bodies , are exchanged by 
the anion exchange res ins , but are not readi ly removed during the 
regeneration step with sodium hydroxide . 
As the strong based anion exchangers become fouled with 
organics , a substantial drop in speci f ic res istance can be 
observed . A drop in pH i s  also noted . Rinse water requirements 
increase , and i f  the foul ing is allowed to continue , a l ower 
anion exchange capac ity is noteq . 
The best solution of this problem is  to remove these organic 
contaminants before deioni z ation by means o f  adsorpti on us ing 
activated carbon , etc . 
In order to assist in the maintenance of anion-exchange 
capacity and de i on i z ed water qual ity , the periodic use of a 
combined sodium chloride/sodium hydroxide clean-up procedure has 
been shown to be helpful in most instances . 
The clean-up procedure is applicable to mixed-bed and 
multiple-bed deioniz ers containing strong base anion-exchange 
res ins .  The res in is backwashed to remove any suspended matter 
that may be present . The water l evel is  then lowered to a po int 
about s ix inches above the res in bed . A mixed solution of sodium 
hydroxide and sodium chloride is introduced by pump ing , or by an 
eductor .  The solution can conveniently by made up in the caustic 
solution tank . the concentration of the sodium hydroxide · should 
be 4 % by weight , the sodium chl oride 1 0 %  by weight . Speci f i c  
gravity for the combined solutions is 1 . 0 9 2  a t  2 5  degree C .  Two 
bed volumes o f  this solution should be used for each clean-up . 
This i s  equival ent to 15 gallons o f  s olut ion per cubic foot o f  
anion exchanger .  O n  the dry bas is thi s  amounts to 1 3 . 5  lbs . NaC l  
and 3 . 1  lbs . NaOH p e r  cubic foot o f  anion exchange res in . 
The l iquid l evel should be ma intained at a po int about s ix 
inches above the bed during introduct ion o f  the salt-caust ic 
solut ion . Thi s  can be done by adj usting the inf luent and drain 
valves . As soon as the correct amount o f  the solution has been 
introduced , the influent and drain valves are closed . The 
solution should be a l l owed to stand in contact with the res in bed 
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for a minimum o f  four hours , but pre ferably a total o f  1 2  to 15 
hours . During this step the color bodies and organics are 
displaced from the resin to the s olutiqn . 
The unit is then backwashed until the effluent is free o f  
turb idity and color . The resins are regenerated according to the 
operating instructions . Be certain that the caust ic make-up tank 
has been cleaned so that the last trace of the salt-caustic 
cleaning solution has been removed . 
The frequency o f  clean-up depends upon the amount o f  organic 
materials present in the solution being trea�ed and the volume 
that passes through . - The operational history of the unit will be 
of help in determining when the clean-up treatment is required . 
3 9  
